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A deep-water brachiopod fauna (20 species in 19 genera) is described from the Late Permian Shaiwa Group of Ziyun,
Guizhou, South China. New species include Pygmochonetes? shaiwaensis and Martinia ziyunensis. This fauna is
associated with deep-water assemblages of pelagic radiolarians, foraminifers, bivalves and ammonoids. The
brachiopod faunal correlations and age constraints of the associated fossil groups suggest that the Shaiwa fauna is
late Changhsingian (latest Permian) in age. The Shaiwa fauna superficially resembles the coeval deep-water
assemblage from Guangxi, South China; both are characterized by a mixture of deep-water brachiopods and
shallow-water elements.
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PRIOR TO the end-Permian mass extinc-
tion, brachiopod faunas were extremely
diverse and abundant in the Changhsingian
oceans in South China, with 420 species in
143 genera known from this region (Chen
et al. 2005b). However, most brachiopods
have been described from relatively shallow
environments varying from nearshore to
carbonate platform settings (Liao 1980b,
1987, Liao & Meng 1986, Shen et al. 1992,
Shen & He 1994, Xu & Grant 1994, Zeng
et al. 1995, Chen & Liao 2007). Brachiopods
are also fairly abundant in the siliceous
clastic successions (Talung Formation) de-
posited in an intraplatform basin setting
(Liao 1979, 1980a, 1984, 1987, Xu & Grant
1994, Chen et al. 1998, 2005b). Brachiopod
faunas of true deep-water facies (i.e. slope
and trough settings) have not been reported
in South China until recently. He et al.
(2005) and Chen et al. (2006a) reported
deep-water brachiopod faunas from Guang-
xi and Guizhou, South China, respectively.
These faunas have similar compositions
(Chen et al. 2006a); both are characterized
by a mixture of deep-water brachiopod
species with some shallow-water elements.
Chen et al. (2006a) also interpreted the
habitat expansion of some shallow-water
brachiopods to the inhospitable deep-water
settings to be a consequence of the increas-
ing ecological stress in the shallow-water
habitats associated with the end-Permian
global warming. Thus, the distribution of
brachiopod taxon ecospace may be an
important criterion for assessing climate
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change in the latest Permian, hence provid-
ing insights into the causes and conse-
quences of the global Permian–Triassic
mass extinction. Although Chen et al.
(2006a) illustrated the brachiopod assem-
blages, they did not systematically describe
the Shaiwa fauna. Here we present detailed
systematic descriptions of the deep-water
brachiopods from the Changsingian of the
Shaiwa section in Ziyun County, Guizhou,
South China (Fig. 1) that will provide a
sound taxonomic framework for further
analysis of the interactions between bra-
chiopod faunas and habitats during this
critical interval.
Stratigraphy, depositional
setting and age of the Shaiwa
fauna
The described specimens were collected
from the uppermost Permian of the Shaiwa
section of the Ziyun area (Fig. 1), which
lay in the Youjiang aulacogen, a meridio-
nal tectonic depression generated from
rifting of the South China block during
the Middle to Late Permian (Luo et al.
1988).
At Shaiwa, the Upper Permian is as-
signed to the Shaiwa Group, which is
Fig. 1. Location of the Shaiwa section, Guizhou, South China (after Chen et al. 2006a).
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characterized by siliciclastic and carbonate
detrital sediments. This group comprises
four informal units (Yang & Gao 2000). In
ascending order, the first unit comprises
grey, thin-bedded cherty mudstone and
siltstone; the second unit is dominated by
siltstone and pebbly siltstone with minor
muddy siltstone and cherty mudstone; the
third unit consists of alternating siltstone
and mudstone with minor calcareous no-
dules and cherts; and the topmost unit is
composed of alternating cherty mudstone,
limestone, and detrital carbonate sediments
(Yang & Gao 2000; Fig. 2). The brachio-
pods described below derive mainly from
the fourth unit of the Shaiwa Group (Fig.
2). The Shaiwa Group yields deep-water
assemblages of pelagic radiolarians, fora-
minifers, bivalves, ammonoids and bra-
chiopods and also hosts the bathyal
Nereites ichnofacies assemblage. Deep-
water facies sedimentary structures (e.g.
small-scale Bouma sequences) are also
recorded in this unit (Yang & Gao 2000).
Both sedimentary features and faunal
assemblages indicate a bathyal environ-
ment (Chen et al. 2006a).
The brachiopod taxa include 20 species
in 19 genera. Tethyochonetes soochowensis
(Chao, 1928), Cathaysia chonetoides (Chao,
1928), Haydenella kiangsiensis (Kayser,
1883), Spinomarginifera lopingensis (Kay-
ser, 1883), Transennatia gratiosa (Waagen,
1884), Alatoproductus sp. and Leptodus sp.
are all characteristic of the Upper Permian
in South China (e.g. Huang 1932, Zhan
1979, Liao 1980a, b, Xu & Grant 1994).
Fanichonetes campigia Xu & Grant, 1994,
Paryphella orbicularis (Liao, 1980b), Aco-
sarina minuta (Abich, 1878), Paracrur-
ithyris pigmaea (Liao, 1980b), Hustedia
orbicostata Xu & Grant, 1994 and Para-
spiriferina alpheus (Huang, 1933) are con-
fined to the latest Changhsingian and the
Survival Fauna Beds (term of Chen et al.
2006b) of the Permo-Triassic transition
(Liao 1980a, 1984, Xu & Grant 1994,
Chen et al. 2005b, 2006b). In addition, of
the 10 genera described by He et al. (2005)
from the latest Changhsingian Talung
Formation of the Dongpan area, Guangxi,
South China, eight genera are also present
in the Shaiwa assemblage. In particular,
both Anidanthus mucronata He et al., 2005
and Attenuatella mengi He & Shi (in He
et al. 2007) are common in both faunas.
Accordingly, this fauna, as a whole, is
indicative of a latest Changhsingian age.
This age determination is reinforced by the
associated conodont, ammonoid, foramini-
fer and bivalve faunas that are character-
istic of the late Changhsingian in South
China (see Chen et al. 2006a for more
details).
Systematic palaeontology
All described specimens were collected
from the Shaiwa section of Ziyun county,
Guizhou Province, South China (Fig. 1).
Brachiopod assemblages were recovered
from eight stratigraphic levels within the
section (Fig. 2). Specimens of new taxa
and several taxonomically confused species
are re-figured here. Other fossils were
illustrated by Chen et al. (2006a, figs 3–
4). Taxonomic classifications above
family level are not listed (see Racheboeuf
2000, Brunton et al. 2000, Williams &
Brunton 2000, Alvarez & Rong 2002,
and Carter et al. 2006 for higher level
taxonomy).
Repository. The specimens registered with
the prefix NMVP are deposited in the
Palaeontology Department of Museum Vic-
toria (formerly National Museum of Vic-
toria), Melbourne, Australia.
Family ANOPLIIDAE Muir-Wood, 1962
Subfamily CAENANOPLINAE Archbold,
1980
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Pygmochonetes Jin & Hu, 1978
Type species. Pygmochonetes jingxianensis
Jin & Hu, 1978; Guadalupian, Anhui, South
China.
Pygmochonetes? shaiwaensis Chen sp. nov.
(Fig. 3A–F)
2006 Fanichonetes sp.; Chen et al., fig. 3A–
F. [2006a]
Fig. 2. Columnar log of the Upper Permian of the Shaiwa section showing stratigraphical distributions of the
Changhsingian brachiopods (for more details on other fossils see Chen et al. 2006a, fig. 2).
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Type locality and horizon. The Shaiwa
section, Ziyun county, Guizhou Province,
South China; the 4th (uppermost) unit of
the Shaiwa Group (Changhsingian).
Material. Two ventral valves, one ventral
external mould and six ventral internal
moulds. Of these, NMVP309645, 309647–
650, 309656 are figured (Fig. 3A–F). A
ventral valve (NMVP309645) is selected
here as the holotype, ca 8 mm long, 9 mm
wide and 3 mm thick.
Etymology. Named after the Shaiwa section
of Ziyun, from which the studied specimens
were collected.
Diagnosis. Medium size for genus; outline
elongately subovate to semicircular; ventral
umbo strongly convex; ears broad, flat;
ventral myophragm thin, long, extending
up to mid-length of shell.
Description. Hingeline straight; valves at-
taching at their greatest width; ears broad,
triangular, separated from umbo by shallow
furrows; cardinal extremities slightly ex-
tended. Ventral beak small, pointed, slightly
curved; umbo rounded, highly convex,
slightly globular in outline with steep slopes
to lateral and anterior margins; median
sulcus absent. Costellae fine with narrower
interspaces, originating from beak, irregu-
larly extending anteriorly, increasing by
bifurcation, about 10–11 per 5 mm at
anterior margin, becoming weaker on ears;
spines on posterior margin, mostly inclined
towards midline at a low angle to hingeline,
numbering 6–9, crowded near beak. Ventral
interior with thin, high median septum,
extending nearly to mid-length of disk;
inner surfaces covered with endospines ar-
ranged in radial rows. Dorsal interior with a
trifid cardinal process.
Remarks. The examined specimens broadly
match Pygmochonetes. However, a defini-
tive generic assignment is not possible
without additional information about the
dorsal valve. The Guadalupian P. jingxia-
nensis Jin & Hu, 1978 clearly differs from
the new species in having proportionately
more extended ears, a greater number of
ribs on the valve and a relatively shorter
ventral myophragm.
Family RUGOSOCHONETIDAE Muir-
Wood, 1962
Fig. 3. A–F. Pygmochonetes? shaiwaensis Chen sp. nov. A–B, NMVP309645, holotype, NMVP309648, a ventral valve
and its external mould, both 6 3; C, NMVP309649, a ventral internal mould, 6 2. D–F, NMVP309647, NMV
P309656, NMVP309650, paratype, ventral internal mould, ventral valve, and ventral internal mould; all 6 3.
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Subfamily RUGOSOCHONETINAEMuir-
Wood, 1962
Fanichonetes Xu & Grant, 1994
Type species. Fanichonetes campigia Xu &
Grant, 1994;Changhsingian,Zhejiang, South
China.
Fanichonetes campigia Xu & Grant, 1994
1994 Fanichonetes campigia Xu & Grant,
fig. 16.
2006 Fanichonetes campigia Xu & Grant;
Chen et al., fig. 3J–K. [2006a]
Material. A ventral internal mould
(NMVP309688) and four unregistered
fragmentary shells (see illustrations by Chen
et al. 2006a, fig. 3J–K).
Remarks. The examined specimen agrees
well with the description given by Xu &
Grant (1994) for the species, except for the
relatively shallower ventral median sulcus
and the slightly shorter ventral median
septum. However, these variations may be
intraspecific or due to different preserva-
tional states. When describing the type
species, Xu & Grant (1994, p. 29) empha-
sized the character ‘spines mostly inclined
toward midline’ as the most diagnostic
feature of F. campigia and of the genus
Fanichonetes. However, Racheboeuf (2000,
p. 405) considered that ‘these features are not
the spines but moulds of the spine canals
inside the posterior margin of the decalcified
ventral valve; their orientation toward mid-
line confirms with all chonetoids and is only
due to the growth process’. If so, Fanicho-
netes shares most characters with Neocho-
netesMuir-Wood, 1962 except for the lack of
prominent parallel vascular trunks in the
ventral valve. It should be noted that our re-
examination of the extensive collections from
South China reveals that the moulds of the
spine canals are very rare in the Upper
Permian chonetids. Accordingly, we follow
Xu & Grant (1994) in treating Fanichonetes
as an independent genus.
Tethyochonetes Chen, Shi, Shen & Arch-
bold, 2000
Type species. Waagenites soochowensis quad-
rataZhan,1979;Changhsingian,Guangdong,
South China.
Tethyochonetes sp. cf.T. soochowensis (Chao,
1928)
cf. 1928 Chonetes soochowensis Chao, p. 31,
pl. 1, figs 14–16.
cf. 1932 Chonetes soochowensis Chao;
Huang, p. 5, pl. 1, figs 8–9.
cf. 1962 Chonetes soochowensis Chao; Chi-
Thuan, p. 489, pl. 2, fig. 8a–b.
cf. 1964 Chonetes soochowensis Chao; Wang
et al., p. 241–242, pl. 37, figs 20–21.
cf. 1977 Waagenites soochowensis (Chao);
Yang et al., p. 332, pl. 135, fig. 22.
cf. 1978 Waagenites soochowensis (Chao);
Feng & Jiang, p. 243, pl. 88, fig. 4.
cf. 1979 Waagenites soochowensis (Chao);
Zhan, p. 72, pl. 11, fig. 7.
cf. 1980 Waagenites soochowensis (Chao);
Liao, pl. 1, fig. 2, pl. 2, fig. 7. [1980a]
cf. 1980 Waagenites soochowensis (Chao);
Liao, pl. 5, fig. 4. [1980b]
cf. 1982 Waagenites soochowensis (Chao);
Wang et al., p. 198, pl. 91, figs 3–4, pl.
95, figs 7–8.
cf. 1984 Waagenites soochowensis (Chao);
Liao, pl. 1, fig. 10.
cf. 1987 Waagenites soochowensis (Chao);
Xu, pl. 8, figs 15–16.
cf. 1990 Waagenites soochowensis (Chao);
Zhu, p. 64–65, pl. 18, figs 1–2.
cf. 1995 Waagenites soochowensis (Chao);
Zeng et al., pl. 3, figs 13–14.
cf. 1998 Waagenites soochowensis (Chao);
Shi & Shen, p. 509, fig. 4: 6.
cf. 2000 Tethyochonetes soochowensis
(Chao); Chen et al., table 1.
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cf. 2002 Tethyochonetes soochowensis (Chao);
Shen & Archbold, p. 338, fig. 5O–R.
2006 Tethyochonetes soochowensis (Chao);
Chen et al., fig. 3L. [2006a]
cf. 2006 Tethyochonetes soochowensis
(Chao); Chen et al., fig. 5a–c, i. [2006b]
Material. One ventral valve (NMVP309651;
see fig. 3L of Chen et al. 2006a).
Remarks. Tethyochonetes soochowensis
(Chao) is very common in the Upper
Permian of South China (Chen et al. 2000,
Shen & Archbold 2002). A full synonym list
and more recent description of the species
have been given by Chen (in Chen et al.
2006b) based on comparable material from
the upper Changhsingian of South China.
The shell figured here bears a transversely
suboval outline and coarse costae. Its char-
acters match T. soochowensis apart from it
being relatively smaller and less inflated than
the typical members of that species.
Subfamily CAPILLOMESOLOBINAE
Pecar, 1986
Tenuichonetes Jin & Hu, 1978
Type species. Chonetes tenuilirata Chao,
1928; Middle Permian, Anhui, South China.
Tenuichonetes? sp.
2006 Tenuichonetes? sp.; Chen et al., fig.
3G–I. [2006a]
Material. A dorsal valve (NMVP309684)
and its internal mould (NMVP309685); see
Chen et al. (2006a, fig. 3G–I).
Remarks. The examined dorsal valve is
semicircular and finely ribbed. There are
short but very strong anderidia. Its med-
ian septum is broken, and the trace
indicates that it may extend anteriorly up
to mid-valve. These features generally
agree with Tenuichonetes. However, it is
not possible to make confident generic and
specific identification due to insufficient
material.
Family PRODUCTELLIDAE Schuchert,
1929
Subfamily PRODUCTININAE Muir-
Wood & Cooper, 1960
Tribe CHONETELLINI Licharew, 1960
Haydenella Reed, 1944
Type species. Productus kiangsiensis Kayser,
1883; Wuchiapingian, Jiangxi, South China.
Haydenella kiangsiensis (Kayser, 1883)
2005 Haydenella kiangsiensis (Kayser);
Campi et al., p. 111, pl. 1, figs Z, bb,
cc, ee. [see Campi et al. (2005) for the
previously published synonymy lists]
2006 Haydenella kiangsiensis (Kayser);
Chen et al., fig. 3V–W. [2006a]
Material. A ventral external mould
(NMVP309654; fig. 3V of Chen et al.
2006a) and a ventral valve (NMVP309655;
fig. 3W of Chen et al. 2006a).
Remarks. The suboval outline, moderately
convex profile and relatively fine ribs allow
assignment of the figured specimens to
Kayser’s species. The Middle Permian
Haydenella buravasi Grant, 1976 can not
accommodate the Shaiwa shells as it is
much larger and has strongly ribbed valves.
Haydenella minuta Sarycheva (in Sarycheva
& Sokolskaya 1965) from the Upper Per-
mian of Transcaucasia is similar in size and
shell outline to the Shaiwa material. How-
ever, the latter is distinguished by having a
more globular profile and fewer but coarser
ribs.
Tribe PARAMARGINIFERINI Lazarev,
1986
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Paryphella Liao (in Zhao et al., 1981)
Type species. Cathaysia sulcatifera Liao,
1980b; Changhsingian; Guizhou, South
China.
Paryphella orbicularis Liao, 1980
1980 Paryphella orbicularis Liao, pl. 1, figs
17–18, pl. 2, fig. 3. [1980a]
1980 Cathaysia orbicularis (Liao);
Liao, p. 261, pl. 6, fig. 1–3, non fig. 4.
[1980b]
1982 Paryphella orbicularis Liao; Wang
et al., p. 205, pl. 96, fig. 16.
1984 Paryphella orbicularis Liao; Liao, pl. 2,
fig. 19.
1994 Cathaysia orbicularis (Liao); Xu &
Grant, p. 34, fig. 19.3, 19.4, 9.13–19.16,
19.21.
2006 Paryphella orbicularis Liao; Chen
et al., fig. 3O. [2006a]
2006 Paryphella orbicularis Liao; Chen
et al., fig. 3J–K. [2006b]
Material. A ventral valve (NMVP309652;
fig. 3O of Chen et al. 2006a).
Description. Small shell for genus, ca 8 mm
long, 10 mm wide and 3 mm thick, with
transversely subovate to subquadrate out-
line; widest at hinge; ears broad, slightly
enrolled; ventral umbo broad, globular,
strongly convex; median sulcus absent.
External costae coarse, rounded, simple,
with narrower interspaces, originating ante-
rior to beak; 12 costae over disc; rugae on
ears only. Dorsal valve and interiors not
observed.
Remarks. Liao (1980a) named this
species and illustrated the type specimens.
A full description and definition of the
species was later given by Liao (1980b). The
material at hand strongly resembles the type
specimens selected by Liao (1980b) for the
species.
Specimens illustrated under the name
‘Cathaysia’ orbicularis Liao by Xu & Grant
(1994, fig 19.1–19.21) include various spe-
cies. Only a few specimens (Xu & Grant
1994, fig. 19.3–19.4, 19.13–19.16, 19.21) fit
well within the concept of Paryphella
orbicularis Liao, 1980 (see Chen et al.
2006b for more details). The remaining
specimens of Xu & Grant (1994) do not
belong to the designated species because
some possess a distinct ventral median
sulcus, and others bear a strongly convex,
triangular ventral umbo, a more transverse
outline and fewer ribs.
Subfamily MARGINIFERINAE Stehli,
1954
Tribe MARGINIFERINI Stehli, 1954
Spinomarginifera Huang, 1932
Type species. Spinomarginifera kueichowen-
sis Huang, 1932; Changhsingian, Guizhou,
South China.
Spinomarginifera lopingensis (Kayser, 1883)
2005 Spinomarginifera lopingensis (Kayser);
Chen et al., p. 354, fig. 7H. [see Chen
et al. (2005a) for the previously pub-
lished synonymy lists]
2006 Spinomarginifera lopingensis (Kayser);
Chen et al., fig. 3P–Q. [2006a]
Material. One ventral valve (NMVP309657;
fig. 3P–Q of Chen et al. 2006a), and several
broken ventral valves.
Remarks. This species is represented by an
elongate shell ca 16 mm long and 11 mm
wide with ventral beak strongly incurved
posteriorly. Its ventral umbo is narrow and
rounded with steep slopes to the lateral
margins. The elongate spine bases are
scattered over the disk. The marginal ridges
are strongly impressed. Like the described
materials, Spinomarginifera chengyaoyenesis
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Huang, 1932 is also a small species,
characteristic of the latest Changhsingian
and the Survival Fauna Beds of the
Permian–Triassic transition in South
China (Chen et al. 2005b, 2006b), but it
is relatively more transversely elongate
and bears fewer, coarser spines.
Spinomarginifera jiaozishanensis Liao
(1980b, p. 259, pl. 4, figs 18–20; Liao 1987,
pl. 5, figs 1–2) was contemporaneous with S.
lopingensis. The former can be differentiated
by its more circular profile and deeper ventral
median sulcus. Spinomarginifera plena Liao
(1987, p. 103, pl. 6, figs 23–32) differs from S.
lopingensis in possessing a more rounded
ventral umbo and broader ears.
Tribe PAUCISPINIFERINI Muir-Wood &
Cooper, 1960
Transennatia Waterhouse, 1975
Type species. Productus gratiosus Waagen,
1884; Wuchiapingian, Salt Range, Pakistan.
Transennatia gratiosa (Waagen, 1884)
2005 Transennatia gratiosa (Waagen); Chen
et al., p. 354, figs 10E–H, 11. [see Chen
et al. (2005a) for the previously pub-
lished synonymy list]
2006 Transennatia gratiosa (Waagen); Chen
et al., fig. 3R–U, DD. [2006a]
Material. One ventral internal mould
(NMVP309658) and two dorsal external
moulds (NMVP309687, P309662); see figs
3R–U, DD of Chen et al. (2006a).
Discussion. The specimens examined here
agree well with the description given by
Grant (1976) for the species based on re-
examination of the topotype specimens of
Productus gratiosus Waagen, 1884 from the
Wargal and Chhidru Formations at Chhidru
and Jabbi of the Salt Range, Pakistan. It
should be noted that the Guizhou materials
appear stronger reticulations than these Salt
Range specimens preserved in limestone
(Grant 1976) due to different preservational
states. This species is Middle-Late Permian in
age and, based on the synonymy list of
Chen et al. (2005a), it is widespread in the
Palaeo-Tethys and peri-Gondwana regions
(Grant 1976, Chen et al. 2005a). It has been
described recently by Chen et al. (2005a).
Family SENTOSIIDAE McKellar, 1970
Subfamily SENTOSIINAE McKellar, 1970
Tribe SENTOSIINI McKellar, 1970
Alatoproductus Jin & Zhu (in Jin & Hu,
1978)
Type species. Alatoproductus truncatus Jin &
Zhu in Jin & Hu, 1978; Wordian, Anhui,
South China.
Discussion. When establishing Alatoproduc-
tus, Jin & Zhu (in Jin & Hu 1978) assigned
this genus to the Aulostegidae. Brunton
et al. (2000) re-assigned it to the Sentosiidae,
which is followed here. Brunton et al. (2000,
p. 522) also treated Chengxianoproductus
Liao & Meng, 1986 as a junior synonym of
Alatoproductus. However, Chen (in Chen
et al. 2005a) argued that these two genera
are independent of one another based
primarily on differences in spine develop-
ment and arrangement. Alatoproductus
bears coarser spine bases that are more
randomly arranged, whereas Chengxiano-
productus has prominent concentric bands
bearing smaller, alternatively arranged spine
bases.
Alatoproductus sp.
2006 Alatoproductus sp.; Chen et al., fig.
3BB–CC. [2006a]
Material. A dorsal valve (NMVP309660)
and its external mould (NMVP309661); see
fig. 3BB–CC of Chen et al. (2006a).
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Description. Medium-sized Alatoproductus,
with dorsal disk about 31 mm long and
45 mm wide; dorsal valve subrectangular to
triangular-oval, flat to slightly concave so as
to form a deep corpus cavity; dorsal median
fold low, indistinct; External spine bases
coarse, randomly scattered over the shell;
concentric growth lines fine, dense; rugae
confined to ears and posterior margins.
Dorsal interior with small cardinal process;
median septum thin, low, extending up to
half disc-length; lateral ridges originating at
cardinal process base, curving down inside
ears; inner surface densely pustulate.
Remarks. The observed characters are con-
sistant with Alatoproductus, but insufficient
material prevents full comparison with the
type species A. trunctus from the Middle
Permian of South China (Jin & Hu 1978).
Family LINOPRODUCTIDAE Stehli,
1954
Subfamily ANIDANTHINAE Waterhouse,
1968
Anidanthus Hill, 1950
Type species. Linoproductus springsurensis
Booker, 1932; Lower Permian, Queensland,
Australia.
Anidanthus mucronata He et al., 2005 (Fig.
4A–B)
2005 Anidanthus mucronata He et al., p. 929,
figs 3.1–3.15.
2006 Cathaysia chonetoides (Chao); Chen
et al., fig. 3M–N. [2006a]
Material. A ventral valve (NMVP309653;
Fig. 4A), and its external mould
(NMVP309686; Fig. 4B).
Remarks. This species is defined by its small
size, ca 12 mm long and 16 mm wide,
extended cardinal extremities, incipient ven-
tral median sulcus, ventral rugae that are
strong on the ears and weak on the disk,
and strong rugae over the entire dorsal
valve. After re-examination of the type
specimens of Andianthus mucronata
described by He et al. (2005) from the
deep-water facies Talung Formation of
Dongpan, Guangxi, and given the range of
variations seen in both the Shaiwa and
Talung specimens, we interpret any differ-
ences to be preservational and herein re-
assign the Shaiwa shell to the Dongpan
species in contrast to our previous identifi-
cation (Chen et al. 2006a). Another South
Chinese species, A. sinosus (Huang, 1932),
described below, is proportionately more
Fig. 4. A–D. Anidanthus species. A–B. Anidanthus mucronata He et al., 2005. NMVP309653, NMVP309686, a ventral
valve and its external mould, both6 2. C–D. Anidanthus sinensis (Huang, 1933). NMVP309663, a ventral valve,6 2,
6 1, respectively.
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elongate, and has finer ribs and less
extended ears than A. mucronata.
Anidanthus sinosus (Huang, 1932) (Fig. 4C–
D)
1932 Linoproductus sinosus Huang, p. 43, pl.
2, figs 15–16.
1932 Linoproductus interruptus Huang, p.
44, pl. 3, figs 8–9.
1936 Productus sinosus (Huang); Licharew,
p. 104, pl. 6, figs 7–15.
1961 Anidanthus sinosus (Huang); Zhang &
Jin, p. 409, pl. 3, figs 1–5.
1972 Anidanthus sinosus (Huang); Naka-
mura, p. 433, pl. 1, figs 2–3.
1979 Anidanthus sinosus (Huang); Zhan, p.
90, pl. 9, figs 25–27.
1980 Anidanthus sinosus (Huang); Liao, pl.
7, figs 23–24. [1980b]
1982 Anidanthus sinosus (Huang); Wang
et al., p. 223, pl. 91, fig. 13.
2006 ‘Anidanthus’ sinosus (Huang); Chen
et al., fig. 3X–Y. [2006a]
Material. A ventral valve (NVM P 309663;
Fig. 4C, D).
Remarks. Huang (1932) described both
Linoproductus sinosus Huang, 1932 and L.
interruptus Huang, 1932 from the Upper
Permian of Guizhou, South China. The
former species was established on the basis
of two ventral valves, whereas the latter was
defined on the characters of one dorsal
valve. The interiors of both species are
unclear. Of these species, the dorsal valve is
subquadrate and has a pair of large, slightly
alate ears; the external surface is finely
ribbed and strongly rugose, forming poorly
defined reticulation. The overall appearance
fits the concept of Anidanthus, as suggested
by Liao (1980b). However, these ventral
and dorsal valves probably belong to one
species, since they are contemporaneous and
indeed occur in the same assemblage. If so,
A. sinosus (Huang) is proposed herein to
accommodate these Guizhou specimens
judging by its page priority and relatively
complete description. The Shaiwa specimen
agrees well with Huang’s species in all
observed aspects.
Family LYTTONIIDAE Waagen, 1883
Subfamily LYTTONIINAE Waagen, 1883
Leptodus Kayser, 1883
Type species. Leptodus richthofeni Kayser,
1883; Wuchiapingian, Jiangxi, South China.
Leptodus sp.
2006 Leptodus sp.; Chen et al., fig. 3Z.
[2006a]
Remarks. Several broken ventral valves are
present in the Shaiwa collection [only
NMVP309659 was figured by Chen et al.
(2006a, fig. 3Z)]. These shells are flat, with
the median lobe extending anteriorly without
variations in width; the lateral septa are also
flat, vertical to the median septum. The
overall appearance confirms to the concept
of Leptodus. However, the specimens are too
incomplete to allow specific identification.
Loxophragmus Cooper & Grant, 1974
Type species. Loxophragmus ellipticus
Cooper & Grant, 1974; Lower Permian,
Texas, USA.
Loxophragmus? sp.
2006 Leptodus sp.; Chen et al., fig. 3AA.
[2006a]
Remarks. One broken ventral internal
mould (NMVP309664; fig. 3AA of Chen
et al. 2006a) is tentatively assigned to
Loxophragmus Cooper & Grant in the
Shaiwa collection. The ventral interior bears
at least seven lobes that are tilted anteriorly,
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and it has longitudinally striated lateral
septa. The median ridge is generally thick
posteriorly and moderately elevated with a
single crest on the posterior but decreases in
height anteriorly; it is flattened and grooved
along the crest. The observed features are
suggestive of a Loxophragmus species, but
insufficient and poorly preserved material
does not allow a full comparison with the
type species L. ellipticus. Thus, this generic
assignment is tentative and their specific
taxonomic status remains open.
Family MEEKELLIDAE Stehli, 1954
Subfamily MEEKELLINAE Stehli, 1954
Orthothetina Schellwien, 1900
Type species. Orthothetes persicus (Schell-
wien, 1900), selected by Schuchert in Schu-
chert & LeVene (1929);Middle Permian, Iran.
Orthothetina sp.
2006 Orthothetina sp.; Chen et al., fig. 4E–F.
[2006a]
Material. A ventral internal mould
(NMVP309646; see fig. 4E–F of Chen
et al. 2006a).
Remarks. One small ventral internal mould
is attributed to Orthothetina, as it is finely
ribbed, bears secondary ribbings, possesses
dental plates converging separately onto the
floor of the ventral valve and lacks a
ventral median septum. Most of these
characters are also seen in both Derbyia
Waagen, 1884 and Perigeyerella Wang,
1955, two genera that are common in the
Changhsingian of South China (Chen &
Liao 2007). However, Derbyia is character-
ized by a long ventral median septum, two
strong, divergent socket ridges fused with
the base of the cardinal process, and a
conspicuous dorsal myophragm. Perigeyer-
ella is weakly rugose and multicostellate,
and lacks a ventral median septum and a
dorsal myophragm. Consequently, the
Shaiwa material does not belong to either
of these genera but is consistent with
Orthothetina. Nevertheless, insufficient ma-
terial prevents full comparison with any
known species of the genus.
Family SCHIZOPHORIIDAE Schuchert &
LeVene, 1929
Acosarina Cooper & Grant, 1969
Type species. Acosarina dorsisulcata Cooper
& Grant, 1969; Lower Permian, Texas, USA.
Acosarina minuta (Abich, 1878)
1878 Streptorhynchus peregrinus var. minuta
Abich, p. 78, pl. 9, fig. 1a–c.
1965 Orthotichia minuta (Abich); Sarycheva
& Sokolskaya, p. 200, pl. 29, figs 4–5.
1980 Acosarina minuta (Abich); Liao, pl. 1,
figs 23–28. [1980b]
1982 Acosarina minuta (Abich); Wang et al.,
p. 190, pl. 96, figs 4–5, 27.
1990 Acosarina minuta (Abich); Liang, p.
356, pl. 1, figs 11–16.
1995 Acosarina minuta (Abich); Zeng et al.,
pl. 1, figs 8–9.
1998 Acosarina minuta (Abich); Shi & Shen,
p. 506, fig. 3.5–3.11.
2005 Acosarina minuta (Abich); Campi
et al., p. 135, pl. 5, figs A–C.
2006 Acosarina minuta (Abich); Chen et al.,
fig. 4A–D. [2006a]
Material. Two ventral internal moulds
(NMVP309665–666), a dorsal internal
mould (NMVP309671) and a dorsal valve
(NMVP309672); see fig. 4A–D of Chen
et al. (2006a).
Description. Small Acosarina; outline sub-
circular, slightly wider than long; widest
anterior to mid-length of shell. Dorsal
umbo evenly convex with gentle slopes to
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lateral margins. Dorsal interior brachio-
phore plates widely diverging; myophragm
low, rather short; inner surfaces sculptured
with impression of costellae.
Remarks. The specimens at hand are closely
allied to the specimens figured by Abich
(1878) and Sarycheva & Sokolskaya (1965)
of the nominate species. Shi & Shen (1998)
attempted to re-assignOrthis indicaWaagen,
1884 and Acosarina dorsisulcata Cooper &
Grant, 1969 to Abich’s species on the
grounds of superficially similar external
features. However, the topotype material of
A. minutes (Abich, 1878) studied by Sar-
ycheva & Sokolskaya (1965) suggests an
Acosarina species that differs from A. dorsi-
sulcata Cooper & Grant, 1969, the type
species of the genus, in having a significantly
smaller size, a less pronounced dorsal sulcus
that is confined to the anterior region of the
shell, and a short ventral median septum. Re-
examination of the type material of Orthis
indica by Grant (1976) revealed that this Salt
Range species is better assigned to Orthoti-
chia than Acosarina (for more discussion see
Chen 2004). Accordingly, A. minuta is
independent from both O. indica and O.
dorsisulcata. The Shaiwa shells are small,
multicostellate, and have a shallow, broad
dorsal sulcus and a long, distinct ventral
median septum, which justify assignment to
A. minuta. This species is very common in the
Upper Permian of the Palaeo-Tethys region.
Family NEORETZIIDAE Dagys, 1972
Subfamily HUSTEDIINAE Grunt, 1986
Hustedia Hall & Clarke, 1893
Type species. Terebratula mormoni Marcou,
1858; Late Carboniferous, Nebraska, USA.
Hustedia orbicostata Xu & Grant, 1994
1994 Hustedia orbicostata Xu & Grant, p.
60, figs 49, 50.1–50.23.
2006 Hustedia orbicostata Xu & Grant;
Chen et al., fig. 4X–Y. [2006a]
Material. One ventral external mould
(NMVP309669; fig. 4X–Y of Chen et al.
2006a).
Description. Shell of medium size for genus;
elongately suboval in outline; ventral valve
gently convex; median sulcus and fold
incipient and poorly defined. Costae
high, rounded, with narrower interspaces,
originating at beak. Ten costae on ventral
valve.
Remarks. Although the ventral interior and
dorsal valve were not observed, the Shaiwa
specimen fits well with the concept of
Hustedia orbicostata given by Xu & Grant
(1994). Xu & Grant (1994) also compared
their new species with several other Permian
species such asH. indica (Waagen, 1883),H.
remota (Eichwald, 1860), H. spicata Cooper
& Grant, 1976, H. cepacea Cooper & Grant,
1976, and H. decollatensis Cooper & Grant,
1976, and they considered that this Changh-
singian species can be discriminated from
others in having rounded costae, an incipi-
ent sulcus and fold, and a short, high, dorsal
median septum.
Family MARTINIIDAE Waagen, 1883
Subfamily MARTINIINAE Waagen, 1883
Martinia M’Coy, 1844
Type species. Spirifer glaber Sowerby, 1820;
Early Carboniferous, Britain.
Martinia ziyunensis Chen sp. nov. (Fig. 5A–
G)
2006 Martinia sp.; Chen et al., fig. 4G–K,
M–N. [2006a]
Type locality and horizon. The Shaiwa
section, Ziyun county, Guizhou Province,
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South China; the 4th (uppermost) unit of
the Shaiwa Group (Changhsingian).
Material. One dorsal valve (NMVP309667,
Fig. 5C), one ventral valve (NMVP309683,
Fig. 5D), four ventral internal moulds
(NMVP309670, Fig. 5A, B; NMVP309675,
Fig. 5E; NMVP309676, Fig. 5G,
NMVP309678, Fig. 5F). NMVP309670 is
selected as holotype; NMVP309667 and
NMVP309678 are selected as paratypes.
Etymology. Named after Ziyan County,
Guizhou Province, South China, where the
studied section is located.
Diagnosis. Shell small for genus, with
circular outline; median sulcus absent or
incipient near anterior margin; lateral slopes
steep; ventral beak small, pointed, highly
suspended above interarea; muscle scars
distinct.
Description. Small shells, less than 9 mm
wide and 9 mm long; asymmetrically bicon-
vex in lateral profile with strongly convex
ventral valve; hingeline straight, shorter
than greatest shell width; cardinal extremi-
ties rounded. Ventral valve convex with
greatest convexity at umbo; median sulcus
absent or incipient near anterior margin.
Dorsal valve gently convex, beak small and
blunt; median fold absent. External surfaces
smooth. Ventral interior lacking dental
plates and median septum; muscle markings
well developed, radially arranged; vascular
channels visible on some specimens, origi-
nating anterior to umbo, branching irregu-
larly, scattering over entire disk. Dorsal
interior unknown.
Remarks. The new species is similar to small
individuals of Martinia orbicularis Gemmel-
laro (1899, p. 165, pl. 28, figs 16–22) in
having a circular outline and an inconspic-
uous sulcus and fold, but the latter is much
larger, usually 22–35 mm wide, and has a
sulcus originating at mid-valve. Other Mar-
tinia species described by Gemmellaro (1899)
are easily differentiated from the Shaiwa
specimens by their large size, different outline
and prominent median sulcus.
Family AMBOCOELIIDAE George, 1931
Fig. 5. A–G. Martinia ziyunensis Chen sp. nov. A–B, NMVP309670, holotype, a ventral internal mould in posterior
and ventral views; C, NMVP309667, one dorsal valve in dorsal view; D, NMVP309683, one ventral valve in ventral
view; E–G, NMVP309675, NMVP309678, NMVP309676, three ventral internal moulds in ventral view. All 6 3.
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Subfamily AMBOCOELIINAE George,
1931
Paracrurithyris Liao (in Zhao et al., 1981)
Type species. Crurithyris pigmaea Liao,
1980b, selected by Liao (in Zhao et al. 1981);
Changhsingian, Guizhou, South China.
Paracrurithyris pigmaea (Liao, 1980) (Fig.
6A–C)
1979 Paracrurithyris pigmaea nom. nud.;
Liao, pl. 1, figs 4–7.
1980 Paracrurithyris pigmaea nom. nud.;
Liao, pl. 1, figs 7–9. [1980a]
1980 Crurithyris pigmaea Liao; Liao, p. 264,
pl. 8, figs 1–4. [1980b]
1981 Paracrurithyris pigmaea (Liao); Liao
in Zhao et al., pl. 8, figs 5–6.
1982 Paracrurithyris pigmaea (Liao); Wang
et al., p. 249, pl. 96, figs 1–3.
1984 Paracrurithyris pigmaea (Liao); Liao,
pl. 2, figs 26–27.
1987 Paracrurithyris pigmaea (Liao); Liao,
p. 110, pl. 6, fig. 5.
1989 Paracrurithyris pigmaea (Liao); Wang
et al., pl. 1, figs 1–2.
2006 Paracrurithyris pigmaea (Liao); Chen
et al., fig. 4O–P. [2006a]
2006 Martinia sp.; Chen et al., fig. 4L.
[2006a]
Material. Three ventral internal moulds
(NMVP309673, Fig. 6B; NMVP309674,
Fig. 6C; NMVP309677, Fig. 6A).
Description. Small shells, ca 8 mm long,
6 mm wide and 3 mm thick; elongately
ovate in outline; profile ventribiconvex;
cardinal extremities rounded; anterior com-
missure rectimarginate. Ventral umbo
evenly convex; delthyrium narrowly trian-
gular, open; median sulcus narrow, shallow
but distinct. Dorsal valve gently convex;
median sulcus distinct. External surfaces
smooth with fine, closely spaced growth
lines. Ventral adductor scars elongate.
Others scars not observed.
Discussion. Liao (1979, 1980a) figured sev-
eral Late Permian specimens as Paracrur-
ithyris pigmaea. However, this species was
not described and fully defined until 1980b
when the author also designated type speci-
mens for the species but reassigned his
species to Crurithyris. Later, Liao (in Zhao
et al. 1981) established his new genus
Paracrurithyris and selected C. pigmaea
Liao, 1980b as the type species. As a result,
P. pigmaea Liao (1979, 1980a) is treated
here as a nomen nudum. The present species
superficially resembles Orbicoelia pusilla
(Zhan, 1979) in its small size and ovate
outline, but is distinguished from the latter
by its prominent median sulcus on both
valves. Like Crurithyris species, Paracrur-
ithyris pigmaea is also medially sulcate on
both valves. However, P. pigmaea is much
smaller than Crurithyris species and has
different internal characters (Liao in Zhao
et al. 1981; see also Chen et al. 2006b).
Attenuatella Stehli, 1954
Type species. Attenuatella texana Stehli,
1954; Lower Permian, Texas, USA.
Remarks. The presence of Attenuatella
Stehli, 1954 in the Late Permian of South
China is unusual as this genus was rare in
both the Gondwana and Boreal biogeogra-
phical realms, in the transitional zones
between these two cold-water realms and
Fig. 6. A–C. Paracrurithyris pigmaea (Liao, 1980b).
NMVP309677, NMVP309673, NMVP309674, ventral
internal mould, ventral valve, and ventral internal
mould. All 6 2.
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in the Palaeo-Tethys during most stages of
the Permian (see e.g. Waterhouse 1967,
Tazawa 1987, He et al. 2007). Chen et al.
(2006a) first detected Attenuatella specimens
in the collections from the Late Permian
Shaiwa Group of Guizhou, South China.
Although confidently assigned to Attenua-
tella, the Shaiwa specimens were not given a
formal species name due to poor preserva-
tion (Chen et al. 2006a). In fact, comparable
materials are also present in the Changh-
singian deep-water facies successions in
Guangxi, South China, but they were
originally assigned to Paracrurithyris pig-
maea (Liao) by He et al. (2005). By
examining the described specimens by He
et al. (2005) from the Changhsingian of
Dongpan of Guangxi, South China, we
found that the specimens named Paracrur-
ithyris pigmaea (Liao) by He et al. (2005, p.
935, figs 6.6–6.15) from Dongpan are more
appropriately attributed to Attenuatella.
More recently, He et al. (2007) adopted this
identification, transferring the Dongpan
specimens to Attenuatella.
After re-examination of the type speci-
mens of Attenuatella texana Stehli (1954, p.
343, pl. 25, figs 31–33), the type species of
the genus, housed at the National Museum
of Natural History, the Smithsonian Insti-
tution, Washington DC, USA by one of
authors (ZQC) in 2006, we also confidently
assigned the South Chinese specimens from
both Shaiwa and Dongpan to Attenuatella.
The primary difference between the South
Chinese material and Stehli’s type speci-
mens is that the former has a slightly
broader ventral umbo, but the variations
could be intrageneric.
Attenuatella mengi He & Shi in He et al.,
2007 (Fig. 7A–C)
2005 Paracrurithyris pigmaea Liao; He
et al., p. 935, figs 6.6–6.15.
2006 Attenuatella sp.; Chen et al., fig. 4Q, V,
W. [2006a]
2007 Attenuatella mengi He & Shi in He
et al., 276–281, figs 5–6.
Material. One dorsal internal mould
(NMVP309668, Fig. 7A), two ventral inter-
nal moulds (NMVP309679, Fig. 7B;
NMVP309680, Fig. 7C).
Description. Shell small for the genus, ca 6–
9 mm wide and 10–12 mm long; elongately
ovate in outline and slightly plano-convex in
profile; maximum width slightly anterior to
mid-valve. Ventral valve strongly convex,
with a small beak, incurved posteriorly and
overhanging hingeline; umbo moderately
broad, elongate, attenuated posteriorly, with
steep slopes to lateral margins; median sulcus
originating anterior to beak, shallow but
distinct; dorsal valve almost flat except for a
narrow median fold elevated anteriorly.
External surfaces not observed. Ventral
interior median ridge long, extending over
three-quarters of shell length, flanked by
stripe-shapedmuscle scars, and crestedwith a
narrow groove through its length and taper-
ing toward anterior region of shell. Dorsal
interior with a pair of broad, deep sockets
bounded by robust inner socket ridges; crural
bases fused with inner socket ridges.
Remarks. The Shaiwa specimens broadly
agree with the Dongpan species described
by He et al. (2005, 2007). The pronounced
fine spine bases cannot be confirmed in the
Shaiwa specimens, but this is probably due
Fig. 7. A–C. Attenuatella mengi He & Shi in He et al.,
2007. A, NMVP309668, a dorsal internal mould; B–C,
NMVP309679, NMVP309680, two ventral internal
moulds. All 6 3.
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to only internal moulds being available for
study in the Shaiwa collections. In addition,
the Shaiwa specimens also approach two
Changhsingian species, A. piyasini Water-
house, 1983 and A. bandoi Tazawa, 1987 in
many aspects. However, A. piyasini is
relatively larger and has a slightly broader
and less elongate ventral umbo, and thus is
readily differentiated from the Shaiwa shells.
Attenuatella bandoi is also distinguished
from the Shaiwa specimens by its much
larger size, longer and more elongate ventral
umbo, and more curved profile.
Family PARASPIRIFERINIDAE Cooper
& Grant, 1976
Paraspiriferina Reed, 1944
Type species. Spiriferina (Paraspiriferina)
ghundiensis Reed, 1944; Wuchiapingian,
Salt Range, Pakistan.
Paraspiriferina alpheus (Huang, 1933)
1933 Spiriferina multiplicata mut. a Huang,
p. 59, pl. 9, figs 2–3.
1955 Punctospirifer alpheus (Huang); Wang,
p. 164, pl. 97, figs 5–8.
1964 Punctospirifer alpheus (Huang); Wang
et al., p. 584, pl. 113, figs 8–11.
1978 Punctospirifer alpheus (Huang); Tong,
p. 259, pl. 90, fig. 4.
1980 Punctospirifer alpheus (Huang); Liao,
p. 277, pl. 8, fig. 49. [1980b]
1982 Punctospirifer alpheus (Huang); Wang
et al., p. 250, pl. 94, fig. 11.
1987 Punctospirifer alpheus (Huang); Liao,
pl. 6, figs 3–4.
1987 Crenispirifer alpheus (Huang); Xu, p.
233, pl. 15, figs 26–28.
1994 Paraspiriferina alpha (Huang); Xu &
Grant, p. 45, figs 35, 36.1–36.23.
2002 Crenispirifer alpheus (Huang); Shen
et al., p. 679, fig. 6.4–6.5.
2005 Crenispirifer alpheus (Huang); Campi
et al., p. 146, pl. 8, figs A, E–F, T, V, W.
2006 Paraspiriferina alpha (Huang); Chen
et al., fig. 4R–T. [2006a]
Material. Conjoined dorsal and ventral
internal moulds (NMVP309681, see Chen
et al. 2006a, fig. 4R–T) and several unregis-
tered fragmented internal moulds.
Remarks. The internal moulds at hand are
consistent with Paraspiriferina alpha, which
is very common in the Upper Permian of
South China. However, the generic assign-
ment of this South Chinese species has long
been a subject of conjecture, even though it
has been frequently described and illu-
strated (see synonymy). First, we agree with
both Xu & Grant (1994) and Shen et al.
(2002) that this species does not belong to
Punctospirifer North, 1920 as the latter is
defined by a broad hingeline attaching along
the maximum shell width, mucronate ex-
tremities, and an exaggerated raised fold
(Campbell 1959). Second, this species pos-
sesses a transversely subelliptical outline,
moderately rounded cardinal extremities, a
narrow but fairly well-defined fold and
sulcus, subangular to moderately rounded
plicae, and densely arranged, fine lamellae.
Therefore, it is morphologically transitional
between Crenispirifer Stehli, 1954 and Para-
spiriferina Reed, 1944 in terms of external
characters. Crenispirifer typically embraces
specimens with slightly to moderately
rounded cardinal extremities with the hinge-
line attending the greatest shell width, a
narrow, rounded fold and sulcus that is
poorly delimited from the flanks, strong,
high and subangular plicae with angular
interspaces, and coarse lamellae, whereas
Paraspiriferina has well-rounded cardinal
extremities with the hingeline obviously
shorter than the maximum shell width, a
conspicuous fold and sulcus that is well
delimited from the flanks, strong, rounded
plicae, and densely arranged, fine lamellae.
Thus, this South Chinese species is overall
closer to Crenispirifer than Paraspiriferina
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in external morphology, as argued by Xu
(1987) and Shen et al. (2002). However, Xu
& Grant (1994) showed that the Huang’s
species is internally more allied to Paraspir-
iferina than Crenispirifer (see Xu & Grant
1994, fig. 35) based on sectioning compar-
able materials of the species from South
China. If the type specimens of the species
also exhibit similar internal features as
described and illustrated by Xu & Grant
(1994), Huang’s species should be assigned
to Paraspiriferina, as suggested by Xu &
Grant (1994) and Chen et al. (2006a). Thus,
generic assignment of Huang’s species
remains uncertain until the type specimens
are re-studied in future. The assignment of
Huang’s species suggested by Xu & Grant
(1994) is tentatively followed here as we
consider that internal features are more
crucial than external characters in spiriferid
classification at genus level.
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